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(54) Power management system and method 

(57) The present Invention relates to a power man- 
agement system and method for a computer system. 
The current ACPI specification defines, amongst other 
states, an S3 state and an S4 state. The S3 state has 
the advantage that a transition to a working state SO is 
relatively quick, 5 seconds, but the disadvantage that 
the system context cannot be recovered after a power 
failure. The S4 state has the disadvantage that a tran- 



sition to the S2 state takes a significant period of time, 
between 20-40 seconds, but theadvantage that thesys- 
tem context can be recovered from a power failure. Suit- 
ably, the present invention defines a safe S3 state in 
which the transition to the working state takes a relative- 
ly short period of time but the same state, upon entry 
into that state, also saves system context data to a non- 
volatile storage device to allow recovery from a power 
failure. 
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Description 

[0001] The present invention relates to a power man- 
agement system and method, and, more particularly, to 
power management of computing systems. 
[0002] The computing industry has developed a com- 
mon interface for enabling robust operating system di- 
rected motherboard system configuration and power 
management (OSPM) of entire computer systems. The 
common interface definition and functionaiity manifests 
itself in the Advanced Configuration and Power Inter- 
face (ACPI) specification. The current version of the 
ACPI is version 2, having a release date of July 27, 2000 
together with the AC P I Errata version 1.3, November27, 
2000, both of which are incorporated herein by refer- 
ence for all purposes. 

[0003] The ACPI specification defines a number of 
operating states for computer systems, such as, for ex- 
ample, desktop, mobile, workstation and server comput- 
ers and laptop computers. Currently the ACPI specifi- 
cation defines five states, that is, states SO, S1 , S2, S3 
and S4. Each of the five states represents a different 
state or degree of power consumption of the associated 
computer system. State SO represents the conventional 
operating state or system working state in which the 
computer system is fully functional and is not in a power 
saving mode. The remaining states, that is, states 
S1-S4, represent the system sleeping states in which 
the computer system has undertaken steps to at least 
reduce, and preferably minimise, power consumption. 
[0004] Of particular interest are the S3 and S4 states. 
The ACPI specification defines the behaviour of the S3 
state such that less power is consumed within the S3 
state as compared to the S2 state; the processor does 
not execute instructions; the processor context is not 
maintained; the dynamic RAM context is maintained; 
power resources are held in a state that is compatible 
with the S3 state; devices associated with the computer 
system are operable such that they are compatible with 
the S3 state, that is, only devices that solely reference 
power resources are in the ON state (all other devices 
are in the off or D3 state); and devices that are enabled 
to wake the system, and that can do so from their current 
state, can initiate a hardware event that transitions the 
system to SO. 

[0005] The ACPI specification defines the system be- 
haviour in the S4 state as follows: the S4state is logically 
lower than the S3 state and is arranged to consume less 
power than the S3 state; the processor(s) is(are) not ex- 
ecuting instructions; the processor context is not main- 
tained; RAM context is not maintained; power resources 
are in a state that is compatible with the S4 state, that 
is, all power resources that supply system level power 
in the SO, S1 , S2 or S3 states are in the OFF state; and 
all devices are operable so as to be compatible with the 
current power resources states, that is, all devices are 
in the D3 state when the system is in the S4 state. 
[0006] A system, upon entering the S3 state or in 



preparation for entering the S3 state, saves, for exam- 
ple, the data necessary for resumption of the norma! 
working state, SO, to RAM. Therefore, it can be appre- 
ciated that upon wake-up from the state S3, that the sys- 

5 tern context saved to RAM can be accessed and re- 
stored relative quickly. Therefore, the S3 sleeping state 
is known as a low wake-latency sleep state. However, 
the S3 state suffers from a major inadequacy in the 
event of a power failure that adversely affects the RAM 

io such that the content of the RAM is lost. Such a power 
failure prevents a reliable transition to the working sys- 
tem state SO and a re-boot of the computer system may 
be necessary. It can be appreciated that the data of ap- 
plications and system context will be lost under such cir- 

'5 cumstances. Furthermore, a relatively long period of 
time will elapse during the re-boot before the computer 
system reaches the system working state SO. 
[0007] In contrast, the OSPM of the system, before 
entering the S4 slate, saves a significant amount of data 

20 to a non-volatile storage medium such as, for example, 
a HDD. Conventionally, data comprising the entire con- 
tent of the RAM and the current system context are 
saved to a file, typically called "HIBERFILSYS' , which 
is stored on the HDD. 

2s [0008] Upon wake-up from the S4 state, the OSPM of 
the system is responsible for restoring the system con- 
text. Therefore, a system transition from the S4 state to 
the SO state involves a significant amount of data recov- 
ery. The content of the file "HIBERFILSYS 1 is retrieved 

30 from the HDD and loaded into RAM and is used to re- 
store the system context as It was at the time of entering 
the state S4, Due to the need to access a relatively slow 
storage device, access times of the storage device are 
relatively long. Therefore, the S4 state is considered to 

35 bethelongestwake-latencysleepingstate. Sinceanon- 
volatile storage medium is used to store the recovery 
data, the system state S4 will allow recovery from a pow- 
er failure. However, the time taken to effect such a re- 
covery is unacceptably long. 

40 [0009] It is an object of the present invention to miti- 
gate at least the problems of the prior art, 
[0010] Accordingly, a first aspect of the present inven- 
tion provides a method for power management of a sys- 
tem comprising a processor, a power supply and first 

45 storage medium and second non-volatile storage medi- 
um having first and second data access times respec- 
tively such that the first data access time is less than the 
second data access time; the system being operable in 
a plurality of states, each state having an associated lev- 

50 el of system power consumption , the method compris- 
ing the steps of: saving data representing a current sys- 
tem context to allow a transition to a first state of the 
plurality of states from a second state of the plurality of 
states to both the first and second storage media; and 

55 placing the system in the second state; recovering the 
data from the first storage medium in response to de- 
tection of an event while the system is in the second 
state or, in the event that the power supply, while in the 
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second state, failed to supply sufficient power to trie sys- 
tem to maintain the second state, recovering the data 
from the second storage medium; and restoring the sys- 
tem context using the recovered data. 
[0011] Advantageously, embodiments of the present 
invention enable a power management system to be re- 
alised that provides, in the absence of a power failure, 
a relatively fast wake-up time from a sleep state and, 
following a power failure during such a sleep state, al- 
lows recovery of the system context to the sleep state. 
[001 2] A second aspect of the present invention pro- 
vides a power management system comprising a proc- 
essor, a power supply and first storage medium and sec- 
ond non-volatile storage medium having first and sec- 
ond data access times respectively such that the first 
data access time is less than the second data access 
time; the system being operable in a plurality of states, 
each state having an associated level of system power 
consumption, the system further comprising: means for 
saving data, representing a current system context to 
allow a transition to a first state of the plurality of states 
from a second state of the plurality of states, to both the 
first and second storage media; and means for placing 
the system in the second state; means for recovering 
the data from the first storage medium in response to 
detection of an event while the system is in the second 
state or, in the event that the power supply, while in the 
second state, failed to supply sufficient power to main- 
tain the second state, recovering the data from the sec- 
ond storage medium; and means for restoring the sys- 
tem context using the recovered data. 
[0013] Embodiments ofthe present invention will now 
be described by way of example only with reference to 
the accompanying drawings in which: 

figure 1 shows schematically a computer system 
within which power management can be realised; 

figure 2 illustrates schematically ACPI states and 
state transitions for a prior art power management 
system; 

figure 3 depicts states and associated state transi- 
tions of a power management system according to 
a first embodiment; 

figure 4 shows a flowchart of a power-off or sleep 
process according to an embodiment; 

figure 5 depicts a flowchart of a wake-up or on proc- 
ess according to an embodiment; and 

figure 6 illustrates a flowchart for system context re- 
covery following a power failure during a sleep 
state. 

[0014] Figure 1 illustrates schematically a computer 
system 1 00 within which ACPI specification power man- 



agement can be realised. Figure 1 also illustrates other 
functional elements of the computer system 100. The 
computer system 1 00 comprises a processor 1 02, RAM 
104, a non-volatile storage medium 106, such as, for 

s example, a HDD. The motherboard (not shown) of the 
computer system comprises a LED 1 0B to provide a vis- 
ual indication of the sleeping state of the computer sys- 
tem even when the system cover or housing has been 
removed. The motherboard also supports an ACPI Bl- 

10 OS 1 1 0 or at least a BIOS 110 which supports ACPI rou- 
tines. As is conventional, the computer system has an 
operating system 112 which is arranged to implement 
operating system directed power management (OSPM) 
114. The computer system will, of course, run various 

*s applications 11 6 and 118. Additional hardware and soft- 
ware functionality is provided in the form of power man- 
agement event detection logic 1 20 which detects events 
in response to which the current state S0-S4 ofthe com- 
puter system should change to another state. For ex- 

so ample, the user may depress an on button 124, in which 
case the computer system should effect a transition 
from a current sleeping state to a working state SO. Al- 
ternatively, the user may instigate a software shutdown 
of the computer system 100 in response to which the 

25 computer system should effect a transition from the cur- 
rent state SO to a sleeping state. The events that the 
power management event detection logic 120 may de- 
tect also include other events, such as modem gener- 
ated events signalling to the OSPM that data is being 

so received and at least the modem and RAM should be 
suitably powered-up to allow reception of the data. 
[0015] Referring to figure 2, there is shown a state di- 
agram 200 for an OSPM system according to the prior 
art. The state diagram has five states, that is, states SO 

35 202.S1 204, S2 206, S3 208 and S4 210. The five states 
are briefly described below. 

[0016] State SO: While a system is in state SO, the 
system is said to be in a working state. The behaviour 
of that state is defined such that a processor 202, or, in 

40 a multi-processor system, the processors are, in one of 
a number of so-called processor states, CO 21 4, C1 21 6, 
C2 218 CN 220, which each represent varying de- 
grees of processor operation and associated power 
consumption; the dynamic RAM context is maintained 

4s by the processor; any devices 222 and 224 connected 
to, or forming part of, the system 100 are individually 
managed by the operating system software and can be 
in any one of four possible device states D0-D3, which, 
again, reflect varying degrees of power consumption; 

so and any associated power resources are arranged to be 
in a state that is compatible with the device states. 
[0017] State S1 : The S1 state 204 is a low wake-up 
latency sleeping state. In this state, no system context 
is lost (CPU or chip set) and the system hardware main- 

55 tains all system context. 

[0018] State S2: The S2 state 206 is also considered 
to be a low wake-up latency sleeping state. The S2 state 
206 is substantially similar to the S1 state 204 but for 
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the CPU and the system cache context being lost in the 

52 state, since, typically, the operating system is re- 
sponsible for maintaining cache and processor context. 
[0019] State S3: The S3 state 208 is a low wake-up 
latency sleeping state where ail system context is lost 
except system memory. The CPU, cache and chip set 
context are lost in this state. However, the system hard- 
ware maintains memory context and restores some 
CPU and L2 configuration context. The S3 state 208 
was described in detail above. 

[0020] State S4: The S4 state 21 0 is the lowest power, 
longest wake-up latency sleeping state supported by 
ACPI. To reduce power consumption, preferably to a 
minimum, it is assumed that the hardware platform has 
powered-off all devices. Platform context is maintained. 
The S4 state 210 has been described in detail above. 
[0021] Figure 3 shows a state transition diagram 300 
forapowermanagement system accordi n g to a f i rst em- 
bodiment. Again, it can be seen thai the state transition 
diagram 300 comprises at least the working system 
state SO 302. Preferably, the conventional states SO, S1 
and S2 are also supported in the first embodiment. The 
states S0-S2 in the first embodiment are substantially 
identical in operation and realisation to the correspond- 
ing states described above in relation to figure 2 and in 
current ACPI specification, 

[0022] Additionally, the state diagram 300 illustrates 
a new state, that is, a Safe S3/Ouick S4 state 308 
(SS3/QS4). The behaviour of the system in the 
SS3/QS4 can be characterised by the actions of saving 
substantially the same data to a non-volatile storage 
medium 1 06 as the convention a! S4 state while concur- 
rently maintaining the same data as the conventional S3 
state in memory. Furthermore, in the SS3/QS4 state on- 
ly the RAM remains in a powered state while all other 
aspects of the system adopt substantially the same 
powered state of the conventional S3 state but for the 
power management event detection logic 120 to allow 
a wake-up from that state, As discussed above, the data 
is saved in a file 126 that is called "HIBERFILSYS". 
[0023] Therefore, if a power failure occurs while the 
system is in the SS3/QS4 state, the system context can 
be restored by loading the HIBERFILSYS file from, for 
example, the HDD 106 and restoring the system con- 
text, In contrast to the prior art power management state 
S3, if a power failure occurs, the system context at the 
time of power failure is recoverable. 
[0024] In the absence of a power failure, the system 
context, when waking from the SS3/QS4 state, can be 
restored within a relatively short period of time, such as, 
for example, 5 seconds, that is, within a time scale that 
is comparable to the wake-up time for a conventional 

53 state but with the additional security of also being 
recoverable from a power failure, unlike the convention- 
al S3 state, 

[0025] Preferably, once the context has been restored 
following a power failure, the system enters or resumes 
the SS3/QS4 state. However, it will be appreciated that 



embodiments could be realised such that any one of the 
states could be entered upon recovery. 
[0026] Referring to figure 4 there is shown schemati- 
cally a flowchart 400 for an off process, that is, a process 

s for notionally switching off the system that utilises the 
SS3/QS4 state. Upon detection of a power-off event by 
the power management event detection logic at step 
402, the OSPM saves the entire system context to the 
HDD 1 06 in the above mentioned file at step 404. in step 

10 406, the power to the internal motherboard LED 108, 
which provides a visual indication of the sleep state of 
the system in the event that the system housing has 
been opened, is removed and the system hardware is 
arranged to adopt the same power saving configuration 

is as the conventional S3 state in step 408. Once step 404 
has been performed, the system has power for the RAM 
and the recovery data, or S4 data 126, has been stored 
on the HDD 106. 

[0027] Referring to figure 5, there is shown a flowchart 
20 500 for an "on" process which uses the SS3/QS4 state 
according to an embodiment. At step 502, the power 
management event detection logic 120 detects or re- 
ceives a wake-up event and informs the wake-up and 
sleep logic 1 22 of the event. The wake-up event causes 
25 the wake-up and sleep logic 122 to instruct the OSPM 
to restore the system context from RAM at step 504. It 
can be appreciated that the wake-up process is sub- 
stantially the same as the conventional S3 wake-up 
process, 

30 [0028] Figure 6 shows a flowchart 600 of a restore 
procassto recoverfrom a powerfailure while thesystem 
was in the SS3/QS4 state. A power return event is de- 
tected by the power management event detection logic 
120 at step 602 which causes the system to recover the 

35 previously stored system context data 1 26 from, for ex- 
ample, the HDD 1 06 and to load that data into RAM 1 04 
at step 604. The power configuration of the system is 
arranged by the OSPM 114 to adopt substantially the 
same power configuration as in the conventional S3 

40 state in step 606. 

[0029] A transition from the conventional S3 state to 
the working state, that is, state SO, takes approximately 
5 seconds as does the transition to the SO state from 
the SS3/QS4 state, which are both significantly quicker 

^5 than the current 20-40 second wake-up time for an S4 
to SO transition. However, the SS3/QS4 state has the 
additional advantage of allowing a consistent or safe re- 
covery from a power failure while the system was in the 
power saving state SS3/QS4. 

so [0030] Although the above embodiments show a lack 
of support for S3 and S4 states, it wili be appreciated 
that embodiments can be realised in which the S3 and 
S4 states are supported in addition to the states of the 
above embodiments. The states S3 310 and S4312 are 

55 shown in figure 3 as being optionally supported 

[0031] Furthermore, even though the above embodi- 
ments have been described in terms of having a number 
of system states, the present invention is not limited to 
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such system states. An embodiments can be realised in 
which other states such as, for example, Legacy states, 
mechanical-off states G3 and soft-off S5 states are also 
supported. 

[0032] Although the above embodiments use a HDD 
as the non-volatile storage means, it will be appreciated 
that other forms of non-volatile storage may be used. 
For example, a flash-memory may be used to store the 
data to allow recovery from a power failure. 



Claims 

1. A method for power management of system com- 
prising a processor, a power supply and a first stor- 
age medium and a second non-voiatiie storage me- 
dium having first and second data access times re- 
spectively such that the first data access time is less 
than Ihe second dala access lime; Lhe sysLem being 
operable in a plurality of states, each state having 
an associated level of system power consumption, 
the method comprising the steps of: saving data 
representing a current system context to allow a 
transition to a first state of the plurality of states from 
a second state of the plurality of states to both the 
first and second storage media; and placing the sys- 
tem in the second state; recovering the data from 
the first storage medium in response to detection of 
an event while the system is In the second state or, 
In the event that the power supply, while in the sec- 
ond state, failed to supply sufficient power to the 
system to maintain the second state, recovering the 
data from the second storage medium; and restor- 
ing the system context using the recovered data. 

2. A method as claimed in claim 1 further comprising 
the step of entering, after restoring the system con- 
text, a selectable one of the plurality of states. 

3. A method as claimed in either of claims 1 and 2, 
f u rth er comp ris i ng the step of e n teri n g , afte r restor- 
ing the system context, the second state of the plu- 
rality of states. 

4. A method as claimed in either of claims 1 and 2, 
further comprising the step of entering, after restor- 
ing the system conlext, the first state of the plurality 
of states. 

5. A method as claimed in any preceding claim in 
which the step of saving data representing the cur- 
rent system context comprises saving at least one 
of data relating to a current operational state of the 
processor and data relating to the content of the first 
storage medium. 

6. A method as claimed in any preceding claim in 
which the current operational state of the processor 



8 

is one of a plurality of operational states of the proc- 
essor. 

7. A method as claimed in any preceding claim in 
5 which the system further comprises at least one de- 
vice, and in which the step of saving data relating 
to the current system context comprises saving da- 
ta relating to a current operational state of the at 
least one device. 

10 

8. A method as claimed in claim 7 in which the current 
operational state of the device is one of a plurality 
of operational states of the device. 

is g, A power management system comprising a proces- 
sor, a power supply and a first storage medium and 
a second, non-volatile, storage medium having first 
and second data access times respectively such 
that lhe first data access time is less than the sec- 

20 ond data access time; the system being operable in 
a plurality of states, each state having an associat- 
ed level of power consumption, the system further 
comprising: means for saving data representing a 
current system context to allow a transition to a first 

25 state of the plurality of states from a second state 
of the plurality of states to both the first and second 
storage media; and means for placing the system 
in the second state; means for recovering the data 
from the first storage medium in response to detec- 

30 tion of an event while the system is in the second 
state or, in the event that the power supply, while In 
the second state, failed to supply sufficient power 
to maintain the second state, recovering the data 
from the second storage medium; and means for 

35 restoring the system context using the recovered 
data. 

10. A system as claimed in claim 9 further comprising 
means for entering, after restoring the system con- 

40 text, a selectable one of the plurality of states. 

11. A system as claimed in either of claims 9 and 10, 
further comprising means for entering, after restor- 
ing the system context, the second state of the pin- 

4s rality of states. 

12. A system as claimed in either of claims 9 and 10, 
further comprising means for entering, after restor- 
ing the system context, the first state of the plurality 

so of states. 

13. Asystem as claimed in any of claims 9to 1 2 in which 
the means for saving data representing the current 
system context comprises means to save at least 

55 one of data relating to a current operational state of 
the processor and data relatingto the content of the 
first storage medium. 
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1 4. A system as claimed in any of claims 9 to 1 3 in which 
the current operational state of the processor is one 
of a plurality of operational states of the processor. 

15. A system as claimed in any of claims 9 to 14 in which s 
the system further comprises at least one device 
and means for saving data relating to a current op- 
erational state of the at least one device. 

1 6. A system as claimed in claim 1 5 in which the current 'o 
operational state of the device is one of a plurality 

of operational states of the device. 

17. A computer program element for implementing a 
method as claimed in any of claims 1 to 8 or a sys- is 
tern as claimed in any of claims 9 to 16. 

18. A computer program product comprising a compu- 
ter readable storage medium having stored thereon 

a computer program element as claimed in claim 20 
17. 
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